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Abstract 
This paper presents an advanced methodology for the detailed modeling of the heat transfer and dynamics phenomena in Linear 
Fresnel receivers. The present work aims at modeling Linear Fresnel receiver by proposing a parallel modular object-oriented 
methodology which considers the different elements of the receiver (e.g. Insulation material, glass cover, tube, pipe, etc.). The 
global model is composed of 4 sub models (heat conduction, two/single-phase flow, thermal radiation and natural convection) 
which are described. Results of the numerical model obtained so far are also presented and discussed. 
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1. Introduction 
There are different designs for solar power collectors that are currently being used to generate electricity, like 
parabolic trough, parabolic dish, solar tower and Linear Fresnel collectors. In Linear Fresnel concentrators, the solar 
radiation is reflected and concentrated by a field of Fresnel mirrors into a receiver. A tube into the receiver with 
circulating water receives this radiation and steam is produced. An example of this technology is the Novatec Solar 
central, PE1 in Puerto Errado (Murcia, Spain); it is the first operating plant in the world connected to the grid. 
TermoFluids [1], a general purpose unstructured and parallel object-oriented CFD code developed to solve 
industrial flows, is used in this work. 
A modular object-oriented simulation methodology for the design and optimization of the Linear Fresnel 
receivers are proposed. This methodology considers the different parts of the Linear Fresnel receiver as independent 
models which also include the coupling between global models and advanced computational fluid dynamic and heat 
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transfer models mainly based on large-eddy simulation (LES) techniques. Parallelization techniques, which allow the 
use of numerous processors in order to speed-up the simulations, are also considered. This especially interesting if 
CFD&HT techniques are used for detailed solving some elements of the storage (i.e. air fluid inside the cavity, water 
inside the tube or the walls). This might require of parallelism techniques for the simulation to be feasible in 
reasonable time. The modular methodology, description of the different elements, the global resolution algorithm 
and some illustrative results obtained are presented in the following sections. 
 
Nomenclature 
cp Specific heat capacity, J kg-1 K-1  İ Thermal emissivity 
Din  Internal diameter of the tube, m  Ș Smallest turbulent scales of the flow, m 
H Height, m    ț Thermal diffusivity, m2 s-1 
g Gravity vector, m s-2   Ȝ Thermal conductivity, W m-1 K-1 
I Identity matrix    μ Dynamic viscosity, kg m-1 s-1 
ሶ݉  Mass flow rate, kg s-1   Ȟ kinematic viscosity, m2 s-1 
Nu Nusselt number    ȟ Turbulent kinetic energy dissipation rate, m2 s-3 
n normal direction vector   ȡ Density, kg m-3 
Pr Prandlt number, Pr = μcpȜ  ı Stefan-Boltzmann constant, 5.67x10-8 W m-2K-4 
Prt Turbulent Prandlt number, Prt Ȟsgsțsgs īȞ Stress tensor, m-2 s-2 
ሶܳ  Heat losses, W    ȍ volume, m3 
ݍሶ  Specific heat flux, W m-2   ȍ Surface which enclosed the volume ȍ, m2 
Ra 5D\OHLJKQXPEHU5D Jȕǻ7+3Ȟț  ǻ Magnitude increment 
S Surface area, m2     
Sij Rate-of-strain, m2   Subscripts 
ܵҧij Mean rate-of-strain fluctuations, s-1  conv Convection 
T Temperature, K    rad Radiation 
t time, s     cond Conduction 
z extruded direction, m   ins Insulation 
f(t) Function of the time   gc Glass cover 
u velocity vector, m s-1   amb Ambient conditions 
gk Irradiosity on surface k, W m-2  ref Reflectors 
jk Radiosity on surface k, W m-2  tube Tube 
<u> Average velocity u, m s-1   in Inlet conditions 
      out Outlet conditions 
Greek letters     sgs Subgrid scales 
Į Sup. heat transfer coefficient, W m-2 K-1 dir Direct Radiation 
ȕ Thermal expansion coefficient, K-1    
2. Definition of the modeling 
A scheme of the Linear Fresnel collector is given in Fig. 1a. The cavity receiver of a LFC consists of an absorber 
tube and a secondary concentrator. To make the Fresnel cavity profile an equations from the literature have been 
used [3]. To reduce heat loss the absorber is usually protected with a glass cover at the bottom of the cavity. The 
primary mirror field reflects the direct normal radiation into the cavity and due to astigmatism and optical 
inaccuracies only part of the reflected radiation is hitting the absorber directly. A fraction of the radiation interacts 
with the secondary reflector and is redirected onto the absorber. Since reflection by the secondary is not loss-less, a 
component of the short wavelength radiation is absorbed by the secondary reflector increasing its temperature. 
While the absorber is being heated, it loses heat by long wavelength radiation and convection to the surroundings. A 
boundary condition applied to the receiver is shown in Fig. 1.b. 
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Fig. 1. (a) Schematic of the modular Fresnel receiver methodology; (b) Boundary condition of the different elements of the receiver. 
3. Modular object-oriented methodology 
The implementation of the Fresnel receiver methodology has been made within the existing NEST platform [2] 
which allows the linking between different elements to perform a specific system or configuration. In the present 
implementation of Fresnel receiver is considered as the sum of different parts, e. g. insulation, glass cover, air, tube, 
pipe, etc., such as shown in Fig. 1a. For each element of the receiver more than one model approach is considered. 
For example, for modeling the convection of the cavity different levels of modeling might be considered depending 
on the desired accuracy. The use of a modular simulation allows that for the same element one-, two- or three-
dimensional models can be used. At the same time, each element can receive a special treatment from the physical 
point of view (i.e. different hypothesis can be considered). 
This might be interesting if the influences of the different hypothesis are to be considered. For instance, thermo 
physical properties can be assumed constant or variable with the temperature, density variations might be linearised 
with the temperature (Boussinesq approximation) or a higher-order approximation can be applied, etc. 
4. Mathematical model 
As aforementioned, the linear Fresnel receiver is considered to be formed for different elements (see Fig. 2), 
which interact each other through their boundary conditions. Thus, proper mathematical formulation for each of 
them should be provided in order to be solver within the NEST platform. 
The complete set of objects (elements) considered for the current implementation is given in Table 1. In addition, 
a brief mathematical description of some of the models is given hereafter. 
Table 1. Elements considered in Fresnel receiver. 
Object/model Description 
Insulation Single material with three-dimensional heat conduction 
Air CFD&HT Detailed three-dimensional model for the resolution of the fluid flow and heat transfer of the air 
considering LES turbulence modeling 
Tube Single material with three-dimensional heat conduction 
Pipe One-dimensional step by step for monophasic fluid/ three-dimensional resolution for mixture 
substance, e. g. biphasic model for high pressure water 
Radiation Object which calculates the radiation heat exchange between different surfaces 
Glass Cover Single material with three-dimensional heat conduction 
a b 
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4.1. Heat conduction in the solid elements of the Fresnel receiver (tube, glass cover and insulation) 
Transient conduction heat transfer can be solved directly from the governing equation. For the case of the 
transient heat conduction without volumetric sources, the energy transport equation can be written in integral from 
as: 
 T
t
TcP  w
w OU ·    (1) 
ZKHUH7UHSUHVHQWVWHPSHUDWXUHWLVWKHWLPHȡLVGHQVLW\Fp LVWKHVSHFLILFKHDWDQGȜWKHWKHUPDOFRQGXFWLYLW\ In 
this work, a non-structured mesh and a uniform distribution has been used in some elements like the tube and the 
glass cover, but due to the singularity geometry in the element insulation the mesh has been adapted to this form. 
In TermoFluids, for the integration of the governing equations the finite volume method has been used. A 
modified least-square method has been chosen for the calculation of the gradients. The resulting system of equations 
is solved by means of the Conjugate Gradient method [1]. 
4.2. CFD&HT of the air inside the cavity receiver 
The objectives for using a CFD&HT object for modeling the air inside the cavity are twofold: (i) due to the 
complex geometry of the cavity, there are not specific correlations for the heat transfer inside irregular cavities, thus 
results of such modeling would be used for proposing new correlations to be used in the global model for the 
convective process and (ii) it would shed some light into the complex physics presents in this kind of receivers. The 
CFD&HT air cavity object calls TermoFluids CFD&HT code [1] which is an object-oriented parallel and 
unstructured CFD&HT code for the resolution of industrial flows. In this object, the three-dimensional Navier-
Stokes equations are spatially filtered. Therefore, some level of modelisation for the filtered non-linear convective 
terms is required. This approach is known as large-eddy simulation (LES) of the turbulent flow. In LES, all temporal 
scales of the flow together with the largest spatial scales are solved, and only the small scaes of the flow are 
modeled by means of a sub-grid scale model (SGS). 
The discretised continuity, momentum and energy filtered equations, assuming constant thermophysical 
properties and negligible viscous dissipation effects in the energy equation read, 
0 uM&    (2) 
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where ݑሬԦ א ܴଷ௠, ݌ҧ א ܴ௠ and തܶ א ܴ௠are the filtered velocity vector, pressure and temperature, respectively (here m 
applies for the total number of control volumes (CVs) of the discretised domain). ȳ א ܴଷ௠ is a matrix with the cell 
control volumes. ݂ are the body forces, ݂ = ߚ൫ܶ െ ௥ܶ௘௙൯ࢍ. Convective and diffusive operators are given by 
ܥ(࢛ሬԦ) = (࢛ሬԦ · ׏) א ܴଷ௠×௠, ܦ = െ׏ଶא ܴଷ௠×ଷ௠ respectively. Gradient and divergence (of a vector) operators are 
given by ܩ = ׏א ܴଷ௠×௠ and  ܯ = ׏ · ܴ௠×ଷ௠ respectively. 
The last term in Eqs. (3) and (4) indicate some modelisation of the filtered non-linear convective term. ܯ 
represents the divergence operator of a tensor, and Ȟ is the sub-gird scale (SGS) stress tensor, which is defined as 
[4], 
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 3/:2 IISijsgs * * Q    (5) 
where పܵఫതതതത = 1/2[ܩ(࢛ሬԦ) + ܩכ(࢛ሬԦ)], and ܩכ is the transpose of the gradient operator. Ȟ் term is evaluated as in Ȟ term, 
but ߥ௦௚௦ is substituted by ߥ௦௚௦/ܲݎ௧, where ܲݎ௧is the turbulent Prandlt. To close the formulation, a suitable expression 
for the subgrid-scale (SGS) viscosity, ߥ௦௚௦, must be introduced. The QR-model based on the invariants of the rate-
of-strain tensor [5] has been used. 
The governing equations used in TermoFluids CFD&HT code are discretised on a collocated unstructured grip 
arrangement by means of second-order conservative schemes [6], i.e. they preserve the kinetic energy equation 
which ensures stability and conservation of the kinetic-energy balance even at high Reynolds numbers and with 
coarse grids. 
In the context of the large-eddy simulation f turbulent flows, the time advancement algorithm should be capable 
of solving all the relevant temporal scales while, at the same time, it should be kept within the stability domain. 
Different temporal schemes have been proposed in the literature to deal with time marching algorithm for turbulent 
flows (see for instance [7-9]). In this work, a two-step linear explicit scheme on a fractional-step method proposed 
by Trias and Lehmkuhl [10] is used. Its main advantage relies on its capacity of dynamically adapt the time step to 
the maximum possible value while at the same time it is kept within the stability limits. This strategy reduces the 
computational time required without lost accuracy. The method has been successfully tested in different flows in 
[11-13]. 
4.3. Single-phase flow inside the tube 
In this work, a one dimensional model has been chosen to represent the forced convection in the tube, solved by 
step by step method. The fact that this code is one dimensional makes difficult the communication between the fluid 
flow and the code for the tube heat conduction element. This problem has been solved by heat coupling between the 
tube and the pipe elements, evaluating the average heat flux of each n volume controls of the 3D tube element per 
plane of extrusion and passed to the pipe element, this average heat flux has been used to solve the fluid flow and a 
new temperature profile has been obtained, then this new temperature field has been used to evaluate the heat flow 
that has been send to the tube. A heat transfer coefficient has been calculated each time iteration considering the 
convective heat flux between the tube and the pipe in the extruded direction as: 
 ¦ '  j
ini
ftubefconvpipetube z
DTTq SD,
&
   (6) 
ZKHUHĮf is the HTF convection heat coefficient at Ttube and is evaluated as a function of the Nusselt number NuDin, 
the Nusset number and the properties are evaluated at medium temperature between the temperature of the tube and 
the temperature of the fluid inside the tube. Due to the lack of specific correlations in literature for evacuation the 
Nusselt number taking into accont the temperature distribution of the tube, correlations for isothermal cylinders are 
considered. Specifically, the Gnielinski correlation [14] is used for turbulent and transitional flow (Re>3200) in 
circular ducts, which reads, 
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with C = (1,82log(ReD)-1,64)-2. 
A silicone HTF (Syltherm 800) has been used, this fluid is normally used in CSP due to a highly stable at high 
temperature liquid phase operation. The thermo-physical properties of the syltherm 800 have been obtained from the 
datasheet [15], and the approaches have been made by a polynomial correlation, these properties correlation are 
presented in Table 2. 
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Table 2. Thermo-physical properties correlation of the Syltherm 800. 
Property Polynomial correlation 
ȡ 36233 ˆ102ˆ108,1ˆ52,110269,1 TTT  uuu  
cp 39253 ˆ109ˆ101ˆ7014,110109,1 TTT  uuu  
μ 514411.38253 ˆ109,1ˆ10905,4ˆ10023,5ˆ10552,2ˆ10451,66527,0 TTTTT  uuuuu  
Ȝ 3122841 ˆ108ˆ101ˆ10210907,1 TTT  uuuu  
 
4.4. Radiation 
4.4.1. Solar radiation 
The incident solar radiation is the required input condition for the simulation of the thermal behavior of the 
receiver of the Linear Fresnel power plants. The incoming intensity over the Fresnel receiver has been estimated 
from an average radiation values obtained from a radiation map of the place that the simulation has been taken [16], 
in this work a Catalonia radiation map has been used. The daily values may be obtained from averaged values in a 
moth and interpolated assuming that this value corresponds to the central day of the month. To estimate the 
distribution of the radiation per day, some statistical correlation has been used: 
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where ܽ = 0,409 + 0,5016sin (߱௦ െ 60) and ܾ = 0,6609 െ 0,4767sin (߱௦ െ 60), ߱ is the angular solar hour. With 
the hour values of the intensity radiation, the energy incidence has been estimated by the next equation: 
IAMAIQ mdirinc )·0(0   TK    (10) 
where Am is the total area of the n-reflectors, ߟ଴(ߠ = 0) is the optical performance of the Fresnel reflector when the 
incidence angle are equal to zero, IAM is the Incidence Angle Modifier that let to correct the optical properties of 
the reflectors depending of the incidence angle of the radiation. To adapt the inlet heat flux of the simulation a 
polynomial correlation has been obtained from the variation of the incidence radiation along the day, these 
polynomials depends of the number of reflectors that the system has, the area of each reflectors and the optical 
properties commented before, with these polynomials a incidence heat flux has been evaluated, a second order 
polynomial correlation has been considered for the form of the incidence distribution of the radiation along the day. 
4.4.2. Radiation inside the cavity 
A Radiosity-Irradiosity method [17] has been applied to solve the non-participating media inside the cavity. The 
radiosity and the irradiosity can be expressed as: 
kkkbkk gEj UH  ,    (11) 
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For N surfaces, equations (11) and (12), define a linear system with N unknowns, the radiosities jk. Once this 
system is solved, the total heat flux, per unit area, is simply qk=jk-gk. Considering the total heat flux Qk=Akqk. 
A Ray-tracing tool is applied to obtain the view factors needed, this factors are implemented on a Radiation 
model to solve a combined case with a natural convection phenomena inside the cavity and their effects between the 
surfaces of the cavity and their surroundings. 
5. Results 
5.1. CFD&HT modeling of the Fresnel receiver with radiation 
The method should be validated using direct numerical simulations and experimental data from the scientific 
research bibliography. 
The meshes used for solving the domain considered have been generated by a constant step extrusion of a two-
dimensional (2D) non-structured grid, the grid generated 15000x20 planes (i.e. 20 planes in the extruded direction 
with 15000 control volumes per plane, for a total of 300000 control volumes). The aperture of the cavity is 0.68m 
and 0.35 m of height with 1 m in the extruded direction .The case defined by a Ra=1.58x109, Pr = 0.7. Fully explicit 
second order central difference scheme for convective and diffusive terms, a modified least-square method has been 
chosen for the calculation of the gradients. The resulting systems of equations are solver by means of the Conjugate 
Gradient method. 
Simulation have been carried out for a direct incidence of radiation (Idir=900W/m2) assuming that all the energy 
reflected by the Fresnel’s mirrors hit the glass cover with and angle of 90º. 
The averaged of the temperature and velocity magnitude is shown in Fig. 2a and 2b respectively; these results 
have been obtained from a time integration of the variables. The total time of the simulation is about 230000 and the 
average time is about 180000 (the time step is about 3.3114x10-3) to obtain the average of the variables. 
  
Fig. 2. (a) Average air temperature (b) Magnitude of the average flow velocity. 
The axis center has been chosen to the center of the Tube element, the angle has been measured from the x-z 
plane from 0º the positive part of the x-axis and 180º the negative part of x-axis. The tendency of air ascending can 
be seen in the velocity vector, for the first moments intensifies around the tube then go scrolling to the top, a few 
moments later, seen as the movement has been passed to the various parts of the cavity. Due to the heating of the 
lower region, the air located in the region of contact with the glass cover is just hot and begins to ascend. 
Fig 3a shows the average distribution of the Nusset number around the boundary between the air and the tube and 
the Fig 3b represents the distribution of the Nusselt number with the boundary between the air and the insulation 
a b 
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element. In Fig 3a there are two peaks of low Nusselt at 90º (top of the tube element) due to the air’s layers have a 
similar temperature of the tube and the heat flow are less than the other parts, as seen at 270 º (bottom of the tube) 
there is one peak of high Nusselt because it is the greatest heat flow where cold air layers are heated. 
  
Fig. 3. Profiles of the averaged Nusselt number (a) boundary with tube; (b) boundary with insulation 
  
  
Fig. 4. Average Profiles at middle of the cavity, plane z=0.5 (a) Temperature profile from vertical axis; (b)Temperature profile from horizontal 
axis; c) Velocity u profile from horizontal axis; d) Velocity v profile from horizontal axis.  
b a 
b 
d 
a 
c 
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The results presented in Fig 4a, b, c and d shows the averaged variables distribution of temperature (x-z cutting 
plane), temperature (y-z cutting plane), velocity u, velocity v respectively. As can be observed, all the variables are 
symmetric from y-axis, the most heated layers of air are around the contact with the tube due to incident radiation 
from the Fresnel mirrors. The peaks observed on the velocities u and v are presented close to the boundaries (tube 
and insulation) where the boundary layer are turbulent. 
5.2. Heat conduction 
In Fig. 5, an example of the distribution of the temperature of the different elements is shown. As it is observed, 
in the insulation element (Fig. 5.a) the hottest part is the bottom due to the incidence radiation coming from the 
Fresnel reflectors, the top of the element is exchanging energy with the environment that involves it. The glass cover 
element a uniform distribution of the temperature is observed (Fig. 5 b); being the bottom the hottest part and the top 
(part in contact with the air of the cavity) the coldest part. The tube element a uniform distribution is also observed 
(Fig. 5.c); the external part is the hottest because it is where the radiation is incident from the glass cover. In the 
internal zone, the tube is in contact with the pipe element and due to internal heat losses; the energy is less than the 
incidence. In all of the elements a quasi-uniform temperature distribution is observed in the extruded direction due 
to the singularity of the case, only in the tube element a little variation is observed because this element is in contact 
with the internal fluid that is increasing its temperature. 
 
 
  
Fig. 5  Instantaneous distribution of the temperature (a) Insulation element; (b) glass cover element; (c) tube element. 
c b 
a 
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6. Conclusions 
A modular object-oriented methodology has been used for the transient thermal and fluid dynamic simulation of 
Linear Fresnel receiver. This method takes advantage of the existing NEST platform [2] and the parallel CFD 
software Termofluids [1] to develop a versatile methodology which implements different levels of modeling for the 
components of receiver. These elements interact among each other by means of the boundary conditions, while the 
global algorithm implemented in NEST platform allows their coupled resolution at each time step. 
The possibilities of the proposed methodology have been presented by means of the analysis of system. First, 
one, two, three-dimensional heat conduction models have been evaluated to know the temperature distribution in 
these elements, the thermal losses considering the real geometry of the some parts (insulation element). After that, 
the potential of the methodology has been challenged by using a CFD&HT model including LES modeling for the 
cavity receiver. Finally, it has to be pointed out that CFD&HT simulations using LES modeling allow a more 
realistic picture of the phenomena taking place inside the solar receivers. By means of these simulations it will be 
possible to develop correlations for the local heat transfer coefficients at the receiver walls. 
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